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Poszensanymo npoyec napooacenns ckanaprnozo BSM (Beyond the Standard Model) 6o3ona (S-6030na) 6
excnepumenmi SHiP (Search for Hidden Particles) na LHC & pesynomami cnuboxo-nenpysicrno2o 3imkHenns
3apAOANCEHOI YACMUHKU (eleKmpoHa abo NPOMOHA) 3 BANCKUM SOPOM Uepe3 Pearyiio OMOHHO20 3MUMMISL
Tokazano, wo y 6unaoky po3cCisiHis npomona Ha s0pi nepepiz peaxkyii Modice 6ymu NOPIGHAHUM 3 Nepepizom
Hapooxcenns S-6030na npu posnadi Ds mezony nuwe y sunaoky 6esmacosozo 6ozoma (mg = 0). Ilpu
poscianni enexmpona na sA0pi nepepiz a(eZ — S) sionocumucs 0o o(D — S) ax 1: 10,

Kmiouoei cnosa: SHIP, nepepiz napodocenns, ckanapruit BSM 6030m, peaxyin ¢pomonrnozo 3numms.

The production cross-section of the beyond the standard model (BSM) scalar boson (S boson) have been
considered it the article. Scalar boson produced via photon fusion reaction in the deep inelastic scattering of a
charged particle (proton or electron) on heavy nucleus of the target. This process is one of the possible mecha-
nisms of BSM boson production at the SHiP (Search for Hidden Particles) experiment at the CERN LHC and may
be dominating among others processes due to large nuclear charge. Previously [1], the amplitude and the pro-
duction cross-section of this reaction were found. The found cross-section was analyzed for the case of proton
scattering on the lead nucleus and compared with the production cross-section in the decay of Ds meson. In this
paper we make estimate of the process more accurate and consider also electron-nucleus scattering. It was

found that the photon fusion reaction pZ — S may be effective only in the case of massless S boson.
Key Words: SHiP, production cross-section, BSM scalar boson, photon fusion reaction.
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Beryn

Iz poGora € mpomomxkenHsMm poborn [1]. B
morepenHii  podboTri Oyno 3HAWAEHO AaAMILTITYAY
Hapo/pKeHHS  S-0030HY  TpH  KYJOHIBCBKOMY
PO3CisIHHI MTPOTOHA HA BAXKOMY siipi MimieHi (sapi
ceuHIO). [loBHMIA mepepi3 peakiii OTPUMYETHCS
IHTETpyBaHHSAM KBaJpaTta MOIYJS aMIUITYAd II0
IedKkii oOmacti Q, 110 BH3HAYAETHCI KIHEMATHKOIO
peaxii
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BenmnunHU ¢ BuUpas (1) OyB mpoiHTErpoBaHUil O
MPSIMOKYTHHUKY

[Emin: Emax] x [Emin: Emax]
SKMA TapaHTOBHO BKJIIO4ae B cebe o00aacTh
inTerpyBanHs Q. Takuii miaxix K03BONSIE OLIHUTH O
3Bepxy. st mepepizy Oyno oTpUMaHO OL[HKY
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— )2
o(pZ—>5)<35-: 10_1292% mbarn  (2)

Ie x = ? IlopiBusHHSA mepepizy (2) 3 mepepizom

1

HapoKeHHs S-0030Ha B peakii po3namy Ds me3ony

3)

mokasye, o mepepi3 (2) Moxe KOHKYpyBaTH 3
nepepizom (3) numie y BUNIaAKy, KOIU Maca S-0030Ha
merma 3a 0.1 keB. Ilpore, mio ormiHKky MoxHa
CYTT€BO MOKPAIIUTH.

o(D - S) =9.56-1078 8?mbarn

YTouHeHuii nepepis

B IMITyJTLCHOMY IpoCcTOopi o0macth
inTerpyBanHs B (1) mpencraBisie coOOK TEpEeTHH
TPHOX ETIIMCONOMIOHNX KPUBHX (SIKi Y BUNIAAKY Mg =
0 mepexonsaTs B TouHi emincu). 3a Gopmoro obaacte
HaraJye CWJIbHO BUTATHYTHH TPUKYTHUK (auB. Puc.
1). HamiBoci  mwmx  eminciB  JOPIBHIOIOTH

mM~10* MeB ta M~10° MeB, B Toii uyac, sk
cama o0nacTb Mae po3Mipu Hopsaaxky p;~100 MeB.
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Takum uwnmHOM, Ha wMacmrtabax ~100 MeB nyru
eJTINCiB MOJKHA allPOKCUMYBATH MPSMHUMHU.
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Puc. 1. O6nacts inTerpyBanus s mg =1 xeB.
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MakcuManbHUI BKJIaJ] B IHTErpajl BHOCHTH OOJIACTD
nmodM3y  TOCTPOro  KyTra  TPUKYTHUKA,  JIe
MiIHTETpadbHUA  BUpa3  Ma€  MaKCHMaJbHE
3HAYCHHS. 3aMIiHIOIOYHM CKJIQJHY TOYHY 00JacTh
TPUKYTHUKOM (IO YTBOPIOETHCS JOTHYHHUMHU JIO
KpUBUX Yy TOCTpOMYy KyTi oOmacti Ta oOpizaHuit
3aM3y npu p; = 0) Ta inTerpyroun B (1) oTpuMyemo
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o =20, (lnfn—ssi - 1) 4)

Ils omiHKa € OIIIHKOW  3BEpPXy, OCKUIbKH,
BPaxOBYIOUH OIYKIICTh KPHUBHUX €JINCiB, TOYHA
007acTh pO3TalllOBaHA BCEPENUHI TPUKYTHHKA, MO
SKOMY MH IHTETpyBaJIH.

[MopiBasinust (4) 3 (3) mokasye, 10 mepepi3
o(pZ — S) crae nopsany nepepiza a(D - §) = 9.6
1078 2 mbarn e npu mg < 8 - 107219° MeB,
TOOTO SKIIO CKaJIIpHA YaCTMHKA O0e3MacoBa.

Ilepepi3 peakuii eZ — S

Bume mu posrisjanu po3cisHHS NPOTOHA HA
anpi. Ilpore, NPUHIMIOBHIA IHTEPEC NPEACTABISE
peakiist 32 yuacTtio enekrpoHa. CyTTeBa BiIMiHHICTb
nojsirae B ToMy, mo npu eHeprii g = 100 MeB
NPOTOH € HEPEISITUBICTCHKHM, TOJI SIK €NEKTPOH —
yIbTpa-pensTUBiCTChKHA. lle MpUHINIOBO 3MiHIOE
aHaJIi3 BETMYMH aMILTITY M i (a30BOT 001acTi.

B yabTpapensTHBICTCbKOMY HaOIMXKEHHI BCI
JIOJTAHKK B aMILIITY/i, IO MPOMOPIIiHI M, MOXYTb
OyTH ONYyIIEHi, a TaKOX JOJAHKH, IO MPOIOPIIiHHI
A (muB. [1], dopmyma (5)). B pesymbrari, mjs
KBaJpaTa aMILITyld OTPUMYEMO BUpa3

[(ApAP)? ((pipi)(pfpf) + (Pipf)(PfPi)) + 2(8pP)(ApPy ) (piAP) (psAP) —

—(apaP) ((apPr) 0P (prAP) + (apP) (piPy) (pyAP) + (ApFf) (pr P) (0isP) + (8pP) (1 Pr) piAP))

—~(pewy) ((apAPY2M? + (APY? (8pP) (4pFy) )]

Bci 1ogaHky B KBaApaTHUX AY’KKAX OJHOTO TMOPSIKY
manocti ~e*M?P?, tak mo 14 (5) MaEMO OLIHKY

My [P~ 64e* 2252 = (6)

A
ne B - IMIyJIbC KIHIIEBOTO TIpOTOHa, E; — ioro
emepris B JIC. CyrreBa BiOMIHHICTE  Bif
MOTIePEeTHFOTO  BUMAAKY (PO3CIIHHS TIPOTOHA) B
TOMY, IIO Telep B 3HAMEHHHKY CTOITh €Hepris sapa
B MIEPIIIOMY CTEMEHi (a He B IPYroMYy).
OO6nacTp IHTErpyBaHHS TaKOXX 3a3HAE CYTTEBHX

3MiH. Y Bumazky, komu mg << 100 MeB wme
TPUKYTHHK 31 CTOPOHAMH
e
P=g—- 2p=gxP ()
CnHcox BUKOPHCTaHMX JKepelI
1. bapabaw O.B., Ob6paxynox nepepisy

Hapooocenuss BSM bOosona 6 peaxyii ¢pomonnozo
saumms, Bicauk KHY imeni Tapaca llleBuenka,
cepist ¢iz.-mar. Hayku. — 2019, — Ne 2, — C. 95-98.
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(5)
IlputinsBmm  Bupa3 (6) 3a THUINOBE 3HAYCHHS

aMILTITYyIM Ta TPOIHTErpyBaBIy Horo mo obmacti (7)
OTPUMYEMO

o =20, (8)
1110 Ha IT’SATh NOPAAKiB MeHwe 3a o(D — §).
BucHoBku
Ilepepi3 HapomkeHHs S-0030Ha B  peakuii

(hOTOHHOTO B3IMUTTS TPWU PO3CIAHHI TMPOTOHA HA
BXKOMY S/Ipi MO)Ke OyTH TIOPIBHSHUM 3 TIepepizoM
HapoKeHHs S-0030Ha 1pu po3naai Ds me3ony mute
y Bumanky mg = 0. Ilpu po3scisHHI enekTpoHa Ha
anpi nepepiz o(eZ — S) Bignocuthes 1o a(D — S)
sk 1:10°. TakuM umHOM, y BHMAJKy MAacHBHOTO S-
0030Ha peakiris 3 po3magoM Ds Me30oHa 3anumaeThCs
HaHOUIBII TIEPCIEKTUBHOO.
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